INTRODUCTION
Shortly after the outbreak of the recent great war many products which previously could be obtained from European countries were no longer available, and as a result importers were obliged to seek other sources of supply. One of the products thus affected was mustard seed. It was soon apparent that much of the seed offered for entry as mustard was quite different not only in quality but also in general appearance and condimental character from that which had usually been imported. Some of the shipments, for example, of Chinese mustard (Brassica júncea (L.) Cosson), while not so satisfactory as the mustards formerly recognized, consisted of seeds with condimental and medicinal qualities which made them useful as substitutes. Others, consisting of Japanese mustard (41) 2 (Brassica cernua Thunb.), proved to be very valuable material. It is probably grown under more favorable climatic conditions and is evidently collected more carefully than the Chinese seed.
Seeds from some other Brassica species which possessed no medicinal or satisfactory condimental value, however, were imported (J, p. 46c; 45; 46; 48) y and among these was the one to which this article has reference. The seed was first called to the attention of the authors because it had been imported in large quantities as rape seed and subsequently was introduced into interstate trade as mustard seed. Its appearance was rather bright, though not shiny, and resembled in a way yellow or white mustard (Sinapis alba L.) (31, p. 379 )-On account, however, of its peculiar earthy flavor and lack of the pungency characteristic of mustard, it did not meet with the unqualified approval of the trade.
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vol. xx, NO. a CLASSIFICATION IDENTIFICATION While a preliminary study seemed sufficient to exclude the seed from the group of true mustards, 1 much difficulty was encountered in definitely identifying it. The material had evidently not been imported before, at least not in recent years, nor could similar authentic material be located in this country in any of the larger museums. Since the information on the subject in the literature was contradictory, insufficient, or entirely lacking, extended studies were undertaken to determine the macroscopic and microscopic characteristics of the seeds, as well as the chemical composition and certain physiological characteristics of the volatile oil. Plants were also grown to maturity, and the characistics at the different stages of growth were determined. These experiments were correlated with data in the literature, as a result of which identification of the seeds as those of Chinese colza, Bras sica campes tris chinoleifera, n. van, was made possible. It should be mentioned here that Chinese colza was first classified by us (/, p. 46c; 45; 46) as Brassica campestris chinensis oleifera, n. f. Upon suggestion of Messrs. Blake and Coville the name was changed to Brassica campestris chinoleifera, 11. var., in order to avoid the use of a polynomial.
TAXONOMY
Some confusion exists concerning the nomenclature of Brassicas, the description of them in many instances being inadequate. This is especially true of the oriental species, of which the seed in question is a representative. Linnaeus (26, p. 281) described Brassica chinensis (PI. 19, A) as a plant having stem-clasping leaves and slightly compressed siliques. It is obviously of the Brassica campestris type (PI. 19, B).
linouma {18) described among other vegetables two plants which he called, respectively, Aburana (oil vegetable) and Tona (Chinese vegetable). Tanaka and Ono {18) identified Aburana as Brassica chinensis var., and Tona as Brassica chinensis L.
Ito and Matsumura (79, p. 299-jor) include Brassica chinensis L. and Brassica orientalis Thunb. under the species Brassica campestris var. chinensis T. Ito. Kondo (21, 22) evidently accepted this classification and described Aburana, used for oil production, and {4) other forms, used for greens, as Brassica campestris chinensis T. Ito. Makino (18) apparently unaware of Ito's classification or Kondo's earlier work, identified both Aburana and Tona as Brassica campestris L. var. chinensis Makino. According to Georgeson (16) , Abura-na, Nutum-na, and Chirimen-na 2 While it is believed that the plants grown from material in the Pharmacognosy Laboratory (PL 18, A), show characteristics typical of the plant described by Linnaeus as Brassica chinensis, and while they apparently agree rather well, so far as the general morphology of the plant is concerned, with Pak-choi (PI. 15, C), there are certain diiTerences, especially in the seeds, from Pak-choi as well as Pe-tsai. The seeds of Pak-choi and Pe-tsai were generally found to be smaller, more spherical, and usually of a brown color. As a rule, they show even less marked reticulations than the brown seeds of the authors' material. The most striking differences observed in the plants is the lack of broad petioles (see also Vilmorin's description of one form) and the failure to form heads in the rosette stage, so strongly developed in Pak-choi and especially in Pe-tsai (PI. 15, A). These differences, however, while distinct, are not so marked that they might not be considered to fall within the latitude of species character. It would, therefore, seem that the laboratory material might be classified as a variety of the type species Brassica chinensis L. were it not for the following reasons. The description which Linnaeus gives is very brief, in fact so brief that much of the confusion in the use of this specific name by different authors is probably due to this limited species description. Bailey points this out, giving still another instance where the name Brassica chinensis has been used, evidently not correctly 0» P' 543) • It is impossible to determine whether this particular plant [Pak-choi cabbage] is the one that Linnaeus meant to distinguish by his Brassica chinensis, but it best answers the description in his Amoenitates (Vol. IV). In Linnaeus's herbarium is a Brassica marked " chinensis " in his own handwriting, but it shows purple fis. and has lyratelobed Ivs., whereas Linnaeus described his plant as having yellow fis. and cynoglossumlike Ivs., probably not the original.
Linnaeus's description, nevertheless, indicates the close relation to Brassica campestris, and Lund and Kiaerskou showed this close relation by classifying both Pak-choi and Pe-tsai as Brassica campestris var. annua sativa chinensis.
Bailey (2, p, 188) takes a different stand :
In common with all members of the genus Brassica, or cabbage and mustard tribe, these Chinese plants are much confused respecting their botanical characters. Recent writers have referred all the Chinese cabbages to Brassica campestris, the rutabaga; but one who studies the plants carefully, both from herbarium and living specimens, can not long hold this opinion. The genus Brassica divides itself naturally into two groups-the cabbages and rape, characterized by thick leaves, very glaucous-blue herbage and long flowers which are creamy white, and the mustards, with thinner and green or lightly glaucous herbage and small, bright yellow flowers. The Chinese cabbages belong to this latter group rather than to the former. Their flowers are those of the mustards, and I have no hesitation in removing the plants from Brassica campestris.
He thus takes a different stand from all other botanists who have given attention to these "Chinese cabbages and mustards." The authors of this paper also disagree with Bailey 's viewpoint and classification on the basis of a rather extended investigation reported in the following paragraphs. There is no doubt in their minds that the so-called Chinese cabbages are not mustards but belong to the colza group, Brassica campestris L.
Concerning Brassica campestris L., Prain {32) states:
From the standpoint of commerce it is a matter of supreme indifference whether campestris, napus, and rapa be treated as separate species or subspecies of one and the same species.
Consequently, in his systematic synopsis he proposes a number of groups :
(1) Brassica olerácea, cabbage group; and (2) Although the authors did not study these forms extensively, Shoemaker has shown that they can be readily crossed (PI. 15, B) and therefore should not be considered as having species character (4) . It is at present impossible to state definitely the relationship of Chinese colza to these forms. Since it has greater similarity to Pak-choi than to Pe-tsai, it appears not unlikely that Chinese colza and Pak-choi have developed from one common stock. Pe-tsai may present a further modification of Pak-choi, since, it is said, plants with narrower petioles may develop from Pe-tsai seeds. Pending further collection of data on Pe-tsai and Pak-choi the following classification, based on that of Bailey, Lund and Kiaerskou, Gagnepain, and others, appears satisfactory for the separation and identification of these horicultural and oil-yielding forms :
1. This classification appears the more satisfactory, at least so far as Chinese colza is concerned, since it indicates clearly the very close relationship to Indian colza, Brassica campestris var. glauca Watt. This relationship is evident from botanical characteristics of the plant, and especially from the morphological and anatomical characters, as well as from chemical characters of the seeds-of both Chinese and Indian colza.
POPULAR NAME
The popular name "Chinese colza'' has been selected on the basis of the findings enumerated. Furthermore, it appears preferable to "China" or "Chinese cabbage," names often used for similar seeds, especially for Pe-tsai or other related horticultural varieties. Tracy (jp, p. 603) states :
The Chinese cabbage of this country is a wholly different species from the common cabbages. Chinese cabbage does not form a compact and rounded head. . . .
Georgeson {16, p. 652) states:
The term cabbage is a misnomer, as its resemblance to that vegetable is quite remote. The plants are merely bunches of large, smooth, more or less spreading leaves, with broad fleshy midribs. They do not bear their leaves on a well defined stem, as do the cabbage, the kale, etc., but look more like the Cos lettuce, the leaves having their origin at the surface of the ground.
Learning also that certain forms of Brassica olerácea, apparently peculiar to China, are grown there, the authors felt that the name "Chinese cabbage" could properly be applied only to those.
The authors' form, although rather closely related to Brassica olerácea, is primarily an oil-yielding form which does not head and which deserves the designation "cabbage" even less than Pe-tsai and Pak-choi, both more or less heading forms. Some consideration was given the name "Chinese yellow rape," as the seeds resemble rape seeds in a way and yield a fixed oil similar to rape oils. In order to avoid confusion in horticultural nomenclature and to protect the agriculturist, however, it was considered advisable to adopt the more specific name of "Chinese colza." BOTANICAL STUDIES
DESCRIPTION OF SEEDS
The seeds (PI. 10, A, B) of Chinese colza, Brassica campestris chinoleifera Viehoever, are yellow or brown, and, if immature, green in color. In mass they have a dull yellow color, due to the preponderance of yellow seeds. In form they are somewhat compressed, oval, and usually with distinct ridges on one side. The size varies from 1.4 to 2.6 mm. in the long axis. The weight varies from 1.4 to 6.4 mgm., with an average weight (based on 1,000 seeds) of 2.865 mgm. The weight of 500 mils (quantity filling a 500-mil measure cylinder to the 500-mil mark) was 352 gm.
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The surface usually appears smooth (PI. 10, A, B) but under a hand lens shows very weak reticulations on the yellow seed and more distinct, but by no means prominent, reticulations on the brown seed (PL 10, C, D).
In cross section under the microscope the epidermis of the seed coat (PL 10, E, F, a) is striated tangentially, does not show any cell structure as in the mustard seed, and is about 5 microns thick. It does not swell appreciably when moistened and does not show crosses with polarized light. The sclerenchymatic palisade cells (PL 10, E, F, c) vary more in height in the brown seed than in the yellow. This explains the presence of the more pronounced reticulations in the brown seeds. For the yellow seed the height is almost uniformly 20 microns, while the average for the brown seed is about 25 microns, with a maximum height of 31 microns. The limits found for all the seeds were 15 to 31 microns high by 8 to 15 microns wide. The cell walls are strongly thickened at the base and sides, and the inner walls are smooth. The lumen contains no color substance. The parenchyma, always developed to one or more rows in the Bras sicas (40, p. 615) , is compressed to such an extent that it appears to be almost entirely lacking (PL 10, E, F, b). In Brassica nigra one row and in Sinapis alba two rows of parenchymal cells are clearly visible, even in the mature seeds.
The parenchyma (PL 10, E, F, d), located below the palisade cells, consists mainly of one row of cells which in the yellow seeds contain no color substance but in the brown seeds are filled with pigment. The endosperm (e) is characterized by the protein layer, a row of cells usually one cell wide, but occasionally two cells wide, the cells varying in height from 15 to 21 microns and in width from 15 to 42 microns and containing protein masses. The tissue (/) located below this layer is composed of several layers of parenchyma cells which, especially in the mature seeds, are strongly compressed. The embryo consists of two cotyledons folded in a characteristic way around the radical. The tissue is parenchymatic or meristematic. The cells which form the cotyledon tissues are not characteristic except that they contain globules of fatty oil, protein masses, and, especially in the immature state, a limited number of small starch grains which range in size up to about 6 microns in diameter. Experiments to locate the glucoside as a crystalline body have been unsuccessful. Studies to locate the enzym and glucoside microchemically in the cells are being undertaken.
DESCRIPTION OF THE PLANT
Experiments in the growth of selected yellow and brown seeds were made under greenhouse and field conditions. The field experiments were made at Arlington, Va., during the summer of 1916, and at Yarrow, Md., during the summer of 1917. The laboratory records, so far as differences in stages of growth are concerned, are more complete for the plants grown in the greenhouse.
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The plants in all stages of their growth were generally smooth, with entire leaves. The young leaves, however, especially if grown in humid atmosphere, were more or less hairy, mainly on the margins (PI. 11). In older leaves hairs were observed only occasionally. It was noted that isolated plants showed variations in the lobing, the leaves in some instances being deeply notched (PI. 13). Experiments are being carried on to determine the latitude and significance of these variations. The appearance of some of these lobed leaves was very similar to that described for Brassica napiformis Bailey (Sinapis júncea var. napijormis Paill. and Bois), an observation which has much significance in view of Bailey's statement (3) thatit is nearly related to pak-choi, and it may have sprung from the same species; but it is clearly distinguished by its sharply toothed Ivs. . . .
In the early stages the cotyledons had the same general appearance but were somewhat larger and thicker than those of the following mustards, Brassica nigra (L.) Koch, Brassica júncea (L.) Cosson, and Brassica cernua Thunb. 1 They were about 1 cm. long and 1 cm. broad, exclusive of the petiole, and are heart-shaped and smooth (PI. 11). The first leaves were obovate, variously toothed, and somewhat crenate, and were hairy, especially on the margin if the seedling had been grown in very humid atmosphere. The leaves had a long petiole and a mid vein extending at least one-third of the length of the blade (PI. 11).
In the late rosette stage (PI. 14, 15) the leaves were arranged in a loose cluster, the wings of the leaf extending along the greater portion of the petiole, with the margin of the leaf more or less wavy and almost entire. The time required for the development of the full-grown rosette stage varies with the conditions for growth, being on the average about two months when grown under normal conditions in the field and about three months in the greenhouse. This period is materially shortened when there are conditions decidedly unfavorable for growth, such as insufficient nutriment, insufficient moisture, or too high temperature.
The early flowering stage (PI. 16, 17) is characterized by a few erect branches up to 1 foot in length. The early stem leaves are similar to the rosette leaves, being almost entire, and obovate with long petioles. The upper stem leaves are variously stem-clasping, entire, somewhat glaucous and somewhat lanceolate acuminate. Many of the leaves of the secondary stems are not stem-clasping. The mature plant reaches a height of about 2 or 2% feet, branching, and often showing an enlarged stem base (PI. 16, A).
The flowers (PI. 17, B), which are somewhat larger than those of Brassica nigra, B. júncea, and B. cernua, are in dense wide corymbs, 1% inches long and 2 inches across when the flowers are open, subsequently elongating into racemes 6 to 18 inches long, with pedicels yi to 2 l / 4 inches long in the extreme, slender, and without bracts or bractlets. The long pedicel particularly distinguishes the flower from the flowers of the mustards, which rarely have pedicels longer than % inch (77). Otherwise the flowers do not differ essentially from the general type of the genus Brassica.
The mature fruit pods (PI. 18, B) are 2-valved, and are 2 to 3 inches long, including the beak. The beak of the pod is rather thickly conical and from 0.4 to 0.8 inch long. The valves are convex, rigidly leathery, rather finely nerved, and beaded opposite the seeds. A cross section of the pod is broadly elliptical throughout the entire length and about % inch thick across the long axis. In some of the pods both yellow and brown seeds have been observed, giving evidence that the yellow and brown seeds are only variations in the same kind of seed. An examination of plants grown from brown and yellow seed will also prove this statement to be correct (Pi. 12, A). The green seeds are immature, as is indicated by the abundance of small spherical starch grains occurring in the cotyledons. From 8 to 12 seeds are found under each valve of a fully developed fruit pod.
BOTANICAL CONCLUSIONS
On the basis of the descriptive data given, the authors' material must be classified with the colzas and rapes rather than with the true mustards. While some of the characteristics observed would have only a limited diagnostic value if taken alone, they serve as additional means for the differentiation. Considered together, they make the proper classification the more certain. The botanical characteristics may be briefly recapitulated as follows. SEEDS 1. As is typical of the colza group, the seeds are rather smooth. True mustards, except Sinapis alba I,., show generally a more pronounced reticulation of the seed coat.
2. As in the case of Indian colza {Brassica campestris var. glauca), the seeds are more or less flat. True mustards are generally spherical, except Brassica besseriana Andrews, which has large brown seeds of more or less oval shape. Many rapes and Brassicas other than mustard, however, are also spherical.
3. A very pronounced ridge can be found in almost every seed of the Chinese and Indian colza, while it is scarcely developed in the mustard seeds, with the possible exception of Sinapis alba.
4. The swelling and polarizing epidermis is lacking in the Chinese colza seed, as usually also in other seeds of the colza group. While not so distinct or appreciable in certain forms or variaties oí Brassica júncea, the swelling of the mucilaginous epidermis and the polarization are 2. The almost entire lack of hairs, especially pronounced in more advanced plants, has been noted on the plants studied, as well as on other plants of the colza group, a possible exception being Brassica rapa, reported by Bailey. In contrast, the plants of mustards are more or less distinctly hairy.
3. The upper leaves of the flower stalk are stem-clasping, as is general in the colza group ; no distinctly stem-clasping leaves have been observed in plants of true mustards.
4. The pedicels (stalks of the flowers) of Chinese, as well as those of other colzas, average well over % inch in length, while those of the mustard flowers average less than % inch.
5. The greater length of the pods of Chinese and other colzas, often more than 2 inches, including the beak, frequently distinguishes them from the mustards, which, as a rule, have shorter pods, averaging usually less than 2 inches. Bailey (2), however, reports short pods for Pe-tsai. 2 
CHEMICAIv STUDIES GENERAL COMPOSITION OF SEEDS
The chemical studies included the general composition of a number of samples of the seed, as well as a more detailed examination of the fixed and volatile oils. Table I shows the composition of typical samples of the seed.
Judging from the composition of the seed and the low amount and character of the volatile oil yielded, the authors believe that the pressed oil cake will be a very good feeding material. 
ISOLATION AND IDENTIFICATION OF VOLATILE OIL
A chemical investigation of the volatile oil was made in order to determine whether it should be properly classified with the volatile oil obtained from rape seed or with that of true mustard. The following procedure was employed to isolate the volatile oil :
Two kgm. of the seed in the form of a No. 20-powder were placed in an 8-liter flask; 4 kgm. of water were added; and the mixture was allowed to macerate for two hours at about 37 o C. The mixture was then distilled with steam, and the distillate was saturated with salt and extracted with ether. The ethereal solution was dried over anhydrous sodium sulphate, and the greater part of the ether was distilled off, the last portions being allowed to evaporate spontaneously.
The volatile oil thus obtained had a specific gravity of 0.960 at 2 5 0 / 2 5 0 C., and the distilled oil had a boiling point of between 165 0 and 172 o C. (uncorrected) at 754 mm. These findings agree fairly well with those for crotonyl isothiocyanate, the volatile oil previously reported in rape by Sjollema (55, jó). The thiourea and phenylt.hiourea derivatives were prepared, and their melting points and nitrogen content were determined. The results are shown in Table II . From these data it may be seen that the oil consists largely of crotónyl isothiocyanate, which, since it is the chief constituent of volatile oil of rape, corroborates the botanical findings that the seed is related to the rapes and not to the mustards. It was noted that the crotonyl isothiocyanate did not have the odor of volatile mustard oil (allyl isothiocyanate) but had an odor suggestive of turnip or cabbage. Furthermore, it did not have the typical irritating effect of mustard oil on the mucous membrane of the nose and on the eyes nor a blistering effect on the skin.
DETERMINATION OF VOLATILE OIL IN MUSTARD SEED AND MUSTARD SUBSTITUTES
In the course of this work it became necessary to determine the amount of volatile oil yielded by different varieties of mustards and mustard substitutes. Reference to the literature showed that there had been marked variation in the methods followed by different analysts in the determination of volatile mustard oils, especially in regard to the time of maceration and the conditions for distillation. Wehrmann, Wegener, Braunwarth, and Meyer (51) made an extended study of a number of these methods in order to arrive at a quick, convenient method for the determination of the volatile oil. In general, the studies here reported have corroborated their findings, except with respect to the effect of alcohol added before maceration (51, p. 325). Carles (7, 8) has also contributed valuable data to the solution of this problem. As a result of these studies, the following method, based largely upon that of Gadamer (13, 14) , is recommended. The method is based on the hydrolysis of the glucoside by an enzym, both present in the seed. A volatile oil, glucose, and potassium hydrogen sulphate are formed. Both are insoluble compounds. They are filtered off, and the silver not used up in the reaction is determined volumetrically after Volhard.
1 atom of silver = ^ molecule of the volatile mustard oil.
Other compounds may also be formed in small amounts during the process (ij, 25).
NOTES ON METHOD
Carles (7) suggests a smaller sample, 3 or 4 gm., in the case of partially defatted samples or others yielding especially large amounts of volatile oil.
The seed used for analysis should, if possible, be freshly ground, as the powdered material loses its strength through hydrolysis, especially if not kept thoroughly dry-at or below 7 per cent moisture, according to Carles, not exceeding 2 per cent according to Boutron (5) .
Joergensen (20, p. 9) ana van Kampen (44, p. 63) in testing rape-seed cakes recommended the addition of thymol; Brioux (6, p. 262-263) recommended the addition of sodium fiuorid to the rape-seed cake when this is macerated and tested for the amount of volatile oil available. They found that bacterial action would thus be largely inhibited in the maceration and higher yields would be obtained. Brioux used 2 gm. of sodium fluorid for 25 gm. of cake and 500 mils of water; van Kampen used 10 mils of 1 per cent alcoholic thymol solution added to either 25 gm. of cake or 5 gm. of mustard seed and 300 mils of water. Joergensen used a 1 per cent alcoholic solution of thymol and also in other experiments mercuric chlorid, which, however, proved unsatisfactory. Raquet (33) macerated the material in an aqueous alcoholic solution, adding 15 cc. of alcohol to the mixture before and 5 cc. after maceration, thus obtaining seemingly higher yields. We (47) could verify his findings but are still undecided whether this higher result is due to the formation of other volatile reducing substances or, as Raquet claims, to the fact
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Vol. XX, No. 2 that in the presence of alcohol during maceration no bacterial fermentation causing a loss of volatile oil takes place.
A glycerin bath may be used to secure greater uniformity in heating. The use of ground glass joints in the distilling apparatus has been recommended in literature in order to avoid possible errors caused by the use of rubber stoppers.
To insure complete absorption of the volatile oil, the tip of the condenser should always dip below the surface of the liquid in the receiving flask. It is advantageous to have the condenser terminate in a tube of small bore. A second receiver, containing ammonia and silver solution, may be used in case the completion of the distillation is in doubt.
According to Kuntze (25) , the mixture obtained after distillation may also be heated directly without standing to 100 0 C. for an hour, using a reflux condenser or a long glass tube as a condenser. Possible further formation of an urethane compound (allyl urethane in the case of allyl mustard oil) can thus be avoided.
YIELD OF VOIyATlUÍ OU,
Examination by the method just given of a number of samples of seeds obtained from Chinese colza showed that the content of crotonyl isothiocyanate varies from about 0.4 to 0.6 per cent. Various attempts were made to increase the yield of volatile oil by addition of different chemicals before maceration. Table III The results shown in Table III may be summarized as follows: Five gm. of tartaric acid probably destroyed the enzym and no appreciable yield of volatile oil was obtained; 0.2 gm. of tartaric acid slightly retarded Oct. 15, 1930 Mustard Seeds and Substitutes: I. Chinese Colza 131 the reaction. Water alone gave results averaging about 0.6 per cent of crotonyl isothiocyanate. The addition of 20 cc. of alcohol before the maceration gave a higher percentage of volatile oil, the results reaching almost 0.8 per cent. The formation of some allyl thiocyanate (j^, p. 832), allyl cyanid (13), and carbon bisulphid during the fermentation process of sinigrin has been observed in experiments where no alcohol was present.
Other products may be formed in its presence and must be expected, especially in the authors' material, where no sinigrin but another glucoside is present. It has been pointed out by Kuntze (25) that side reactions can occur between allyl isothiocyanate and alcohol with the formation of allyl thiourethane, and it may be presumed that a similar reaction might take place between crotonyl isothiocyanate and alcohol, which will lead to erroneous but probably lower results. At the present time the data obtained are insufficient to ascribe the discrepancy to any of these causes, nor is it yet known whether, in the presence of alcohol, potassium hydrogen sulphate has also an injurious effect upon the formation of mustard oil through rendering myrosin largely ineffective by causing its coagulation (12) . It is believed, however, that the maximum yield was obtained, since, even in the presence of large amounts of enzym (white mustard added), higher yields were not secured. Shaking the maceration mixture at room temperature at intervals of five minutes did not hasten the reaction sufficiently to give the total amount of volatile oil in two hours.
It has been pointed out by Förster (11) that in the preparation of rapeseed cake the' material is heated to about 70 o C, and that when it is so treated a high yield of oil is obtained. In these experiments the authors were unable to verify Förster's results. In order to see whether there was any difference in the yield of oil from the brown and yellow seeds, a separation of the two was made, and determinations were made on the separated samples with the results (calculated as crotonyl isothiocyanate) shown in Table IV . It has been reported that the seed of Chinese colza is used in China for its fixed oil, and such use has also recently been made of the seed imported into this country. A study of the fixed oil showed that it was present in very large amounts, up to 50 per cent or more, and that its composition was similar to that of rape oils. It was a light yellow oil and apparently was of an excellent quality. The oil expressed from the seeds showed the characteristics given in Table V . i. The volatile oil yielded by Chinese colza has been identified as crotonyl isothiocyanate, an oil formerly found in rape. Crotouyl isothiocyanate is slightly lighter and allyl isothiocyanate slightly heavier than water. The boiling points of the oils and other physical constants referred to in Table II permit ready differentiation. 2. The yield of volatile oil varied from about 0.4 to 0.6 per cent, while true mustards, with the exception of Sinapis alba, yielded from about 0.7 per cent up to more than 1 per cent of volatile oil of different composition.
3. The fixed or fatty, oil expressed from the seed showed the general characteristics of rape oils, these being slightly different from the fixed mustard oils. The iodin value, for instance, was about 100 or below in case of rape oils and the Chinese colza oil, while it was above 100 in the case of oil expressed from different mustard species. These oils were obtained under similar conditions and were unrefined. Methods of refining may change the iodin value.
4. The yield of fixed oil varied from about 40 to 50 per cent, whereas the true mustards examined usually contained less and rarely, if ever, more than 40 per cent of a fixed oil.
PHYSIOLOGICAL DATA GENERAL PHYSIOLOGICAL CHARACTERISTICS
Chinese colza seed when chewed has an earthy and slightly pungent taste, the flavor being suggestive of cabbage or turnip rather than of mustard. When a few grams of the freshly triturated seed macerated with water have stood in a closed vessel at room temperature for a few minutes, the odor of the volatile oil formed may readily be noted. This odor gradually becomes weaker, however, and after the mixture has stood for 24 hours, more or less, the odor is largely gone and is often replaced by an odor of hydrogen sulphid. The mustards (except white mustard) give the characteristic mustard oil flavor and irritating sensation to the membranes of nose and eyes much more strongly and for a longer period. In fact, while the vapor of true mustard oil, even in very small amounts, causes great discomfort to eyes, nose, and lungs, the effect of the vapor of crotonyl isothiocyanate was by no means to be compared in intensity and hardly in character.
The ground seed, with small amounts of water added, was applied in the form of a plaster to the skin of the arm. No more than a reddening was caused after 2 or more hours of application; no blistering whatsoever was noted, and the reddening soon disappeared. It was necessary to remove plasters prepared similarly with true mustards after shorter application, and blisters were left. When applied to the skin the isolated volatile oil itself caused only a burning sensation and a temporary reddening.
PHARMACOLOGICAL ACTION
While no pharmacological experiments were made in this investigation, those of Sjollema and others may be briefly mentioned. Sjollema (J5> P' 3 I 5) gave 0.212 gm. of the oil (crotonyl isothiocyanate isolated from rape) to a rabbit in the form of an emulsion but observed no abnormal symptoms. After about three hours the animal began to eat again, appeared entirely normal, and lived. Allyl mustard oil, isolated from black mustard, given in the same amounts and under comparable conditions, caused death to a rabbit within a few hours. The experiments were repeated with the same result. Stein (57) confirms Sjollema's findings in general upon the basis of a larger series of experiments, also with rabbits. He concludes that while the symptoms of poisoning are in a way the same as those caused by allyl isothiocyanate, the general toxic (resorptive) as well as the locally cauterizing properties are far less pronounced in the case of crotonyl isothiocyanate. The toxic dosis may be estimated to be 0.5 gm. of crotonyl, against less than 0.1 gm. of allyl isothiocyanate per kilo body weight.
He experimented also with a goat (24 kgm. in weight) adding to the feed of ground potato and sugar beets the following amounts of crotonyl
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vol. xx, NO. 2 isothiocyanate : 1 cc. the first day, 1.5 cc. the second day, and 2 cc. the third day. Except for an increased urine excretion, no disturbance was observed; the urine was free from albumen. In experimenting with cattle, Moussu (30) used the pure oil of allyl isothiocyanate as well as cakes containing crotonyl isothiocyanate. Concerning allyl isothiocyanate given internally, he concludes that it is very toxic and may cause in doses of 2 gm. per 100 kilos speedy death, with the symptoms of an acute inflammation of the intestines. No injury was observed from feeding large and varying amounts of rape-seed cakes, either dry or mixed with water, though cows of different ages were fed with the cakes which, according to Brioux (6) , contained over X P er ce 11 * of crotonyl isothiocyanate. One old cow, not in milking condition, weighing about 400 kgm., was fed in four periods of five days each the amount of 1 kgm. of cake per day, increasing to 3 kgm. per day. Apparently no injury was caused, although the cow received in the final period about 17 gm. of crotonyl isothiocyanate in the form of a cake, yielding 0.57 per cent of this oil. Brioux, on the basis of Moussu's experiments, concludes that allyl isothiocyanate is six or seven times as toxic as crotonyl isothiocyanate. He pointed however, to the fact that Moussu fed the volatile oil of allyl isothiocyanate directly, while previous authors, using the mustard cake, could feed without causing injury to the animal amounts which contained decidedly larger quantities of volatile mustard oil. For other experiments with allyl mustard oil see Carlier (9) .
BACTERICIDA!, ACTION
The bactericidal effect, so strong in the case of allyl mustard oil and so essential for the keeping qualities of prepared mustard, as Kossowicz (24, p. 32c) and others have pointed out, is lacking or very weak so far as crotonyl isothiocyanate is concerned. Stein made the following interesting experiments.
To a number of test tubes containing 10 cc. of raw milk a small amount (on point of knife) of liver of sulphur and also increasing but definite amounts of allyl isothiocyanate and crotonyl isothiocyanate, respectively, were added. A test paper, moistened with lead salt solution, was fastened in the opening of the tube. The opening was then closed with cotton, and the tubes were set aside at from 38 o to 40 o C. for 24 hours. The blackening of the lead paper, caused by the bacterial formation of hydrogen sulphid and subsequent formation of lead sulphid, indicated in which experiments bacterial activity was not inhibited by the addition of either of the volatile oils. His results are given in Table VI. The far greater bactericidal effect of allyl mustard oil is clearly evident. Further interesting data on the bactericidal action of allyl mustard oil and the amounts which prevent the growth of bacteria or yeasts belonging to different species are reported by Kossowicz (2j, p. 14.Ç-161) . Certain manufacturers of prepared mustard who unwittingly used the Chinese colza seed as mustard in the usual proportions in preparing their product noted extensive spoilage within a short time. The defrciency of crotonyl isothiocyanate with respect to its bactericidal action is thus also demonstrated in a practical and very impressive way.
PHYSIOIvOGICAIy CONCLUSIONS
Crotonyl isothiocyanate differs distinctly from true volatile mustard oil (allyl isothiocyanate). Its flayor resembles that of cabbage or turnip instead of that of onion. No appreciable effect on the eye or the mucous membrane of the nose and no blistering effect on the skin were noted, in contrast to such and other effects of allyl isothiocyanate. Crotony isothiocyanate lacks also the pronounced bactericidal qualities of true volatile mustard oil. Moreover, crotonyl isothiocyanate is distinctly different from the nonvolatile mustard oil, para-oxybenzyl isothiocyanate, of white mustard, which has no odor but has a strong biting taste and a strong blistering effect on the skin.
SUMMARY
Material imported as rape seed and sold as mustard seed was identified as Chinese colza, Brassica campestris chinoleifera Viehoever, n. var.
The characteristics of the seed have been established, and those which permit the identification and differentiation from true mustard seed have been pointed out.
Plants have been grown from the seed, and the characteristics have been established, especially with reference to their close relationship to the colza group, Brassica campestris.
The volatile oil obtained from the material was identified as crotonyl isothiocyanate, which is not a suitable substitute for mustard oil, in respect to condimental, bactericidal, or medicinal value.
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The fixed oil proved to be of the general composition of the rape oils, and the quantity of the oil present, amounting to more than 40 per cent, characterized the seed as a very valuable oil seed.
On the basis of the general composition of the seed and the character of the volatile oil, it is suggested that the pressed oil cake may well be used as a stock feed.
The leaves are succulent and should be of value as greens. The plants, which are very vigorous and apparently hardy, seem to offer possibilities as a forage crop. Experiments along this line have been undertaken in cooperation with the Bureau of Plant Industry.
CONDENSED DESCRIPTION OF CHINESE COLZA (BRASSICA CAMPESTRIS CHINOLEIFERA VIEHOEVER)
Basal or radical leaves first single, later numerous, arranged in cluster, large glossy green, usually smooth, obovate or round, obovate in general outline, entire or obscurely wavy, variously toothed, sometimes crenate, tapering into a distinct thin petiole, which is more or less margined, showing sometimes a few leaflike lobes.
Leaves of flowering stem more or less glaucous, clasping, obovate, oblong, or somewhat lanceolate acuminate; leaves of secondary stem not always clasping.
Flowers light yellow, of medium size (generally that of mustard flowers), pedicels averaging well over X inch.
Pods rather large and long, tapering into conical beak (0.4 to 0.8 inch long) ; pod and beak together from 2 to 3 inches long; from 8 to 12 seeds in pod.
Seeds yellow and brown, yellow greatly predominating; somewhat compressed, oval, usually distinct ridge on ventral side, usually smooth brown, slightly reticulated, 1 
